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Field of fte invention 

The present Invention relates to the field of biotechnology, and in particular to ethanol 
5 production through the fermentation of one or more organic starting materials. 

Specifically, the invention relates to a process for ethanol production wherein at least 
one fungus capable of metabolizing 5-carbon compounds, or a mix of ftjngi, Is used 
to produce ethanol and/or to enhance the ethanol yield. 

1 0 Backgrojind of the invention 

The uee ^ fossil luele has contributed to environmental problems, including the 
Increased emission of CO2, a gas implicated in global wanting. A significant Increase 
In atmosrjheric CO2 concentration has been record^ during the past 350 years. The 
use of renewable resources as an altemative to fossil fuels has been under 
1 5 Investlga^on for many years. Compared to the increasing use of fossil fuels, which is 
a limited Resource, the production of ethanol from biomass offers a promising 
altemative. 

Ethanol dan be regarded as more environmentally friendly than fossil fuels. 
Considerable research efforts are therefore conducted to find economical ways of 
20 producing ethanol from renewable raw materials. Ethanol from biomass Is produced 
through fermentation of sugar and polysaccharide containing materials. Sugarcane or 
maize ar^ feed stocks of Interest, but the raw material cost would then constitute a, 
great par^ of the total ethanol cost. It is important to be able to use low cost raw 
material ^uch a llgnoceHulosic materials e.g. fast growing trees, grass, waste 
'is products feuch as agricultural and forestry residues, in order to make ethanol 

competitiie with fossil fuels. Process improvements and new technology In this field 
" therefore of considerable oommerdal and environmental interest The use of 

- - : lignocellulosic materials is apparently very advantageous, because it is the most 
. abundant! renevwable organic material in the biosphere. 

.-30. Most plart materials can be commonly described as lignocellulosic biomass. 

Llgnocellulose is composed of three major constituents i.e. cellulose (35-50%), hemi- 
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cellulose- (20-35%) and lignin. Minor constituents of iignocellulose are ash, . 
phenolfcs, extractives and trace residues. The major compound cellulose is a linear 
polymer df D-glucose linked together by P-1 »4-glucosodic bonds to create a water- 
Insoluble polysaccharide. The cellulose molecules are organized in elementary fibrils 
5 associated with hydrogen and van der Waals bonds, forming a very rigid structure of 
microfibrils. The microfibril contains regions of amorphous structure that are 
susceptible to hydrolysis. Other important polysaccharides are the hemicelluioses, 
branched polymers of different monomeric sugars. Hemlcelluloses link through 
hydrogen bonds to cellulose and through covalent bonds to lignin. Another Important 
10 compound in wood is lignin, which is one of the most abundant substances in the 
plant world. Lignin significantly increases the mechanical strength of the wood. 
Relatively few microorganisms can degrade lignin effectively, which makes wood a 
very dunajble material. 

The production of ethanol from fermentation of sugars or polysaccharides In blomass 
15 is of considerable economic and environmental interest Cellulose and the 

hemicellijloses in biomass all consist of long chains of sugar molecules. In order to 
enable thie production of ethanol, the sugar molecules needs to be separated by 
hydrolysis of the long chains in which they are stored. 



20 Prior art' 

Ethanol plroduc^on from Industrial Iignocellulose material has been the focus of 
considerable research. One approach is to modify existing pre-treatment steps, or to 
introduce! new, more efJective pre-treatment steps. Numerous reports are dealing 
with the pre-treatment of biomass and how to avoid inhibitors that are a by-product of 
25 such pre-treatments. 

\y Another Approach lies in the genetic modification of the microorganisms used, le. 

: mainly ye^ast Microorganisms that fennent the glucose component In the cellulose to 
: *y ethanol are well known in the art:. However, the availability of microorganisms that 

efflcientiyi fennent the 5-carbon sugars, xylose and arabinose^ In the hemlcelluloses 
'30[ to ethanol has been one of the bottlenecks In ethanol production from biomass. 

^'^•^ Recently, Pretorlus et aL (Food TechnoL BiotechnoL 41:3-10, 2003) focused on the 
. : . need of designing Saccharomyoes cerevisiae for more efficient use of the pentoses 
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In wood and other hemicellulosic materials for ©thanol production. However, the. 
genetically nDodrfied yeast strains described tend to be less efficient. 

Patil etal (Enzyme Microb. Technol., 1990, vo! 12, 141-148) suggest the addition of 
fungal mycelium to accelerate ethanol production from cane molasses batch 
5 fenmentation using SQCcharomyces cerevlsiae. The foUowIng fungf were Investigated: 
PeniciHium chrysogenum, Aspergillus oryzae, Sclerotium rolfsii, Sporotrichum 
pullverulentumj Aspergillus nigen Rlitzopus nigricans, Neurospora sitophilia, 
Fusarium trioinotum, and Trichoderma reesei. The authors conclude that a mycelium 
supplement with as many as 10 different fungal species could accelerate ethanol 
10 production, and advocate the use of waste mycelium from the antibiotic industry. 
Trace amounts of antibiotics present In the mycelium are believed to be beneficial in 
the remoyal of bactarial contamination during fermentation. 

There renains a need for alternative approaches to enhanced ethanol fermentation, 
and In particular industrially applicable and economfcally competitive processes. One 
15 aim of the present invention is to make available such processes vwthout resorting to 
genetic modification of the microorganisms Involved, 

Further aims underlying the invention, and advantages associated with the Invention, 
will be evident to a skilled person from the description and examples. 

20 SummaiV of the invention 

The present Invention makes available an improved process for the production of 
ethanol through fermentation of one or more organic starting materials, characterized 
by the features enumerated In the claims, incorporated herein by reference. 

The Inverttion also makes available a starter medium, as defined in the claims, 
.25. incorporated herein by reference. 

: Further, the invention presents a growth medium for a fungus used in the Inventive 
: process. 
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Short ddscriptlon of the drawings 

The invention will be described In closer detail in the follovynng description, non- 
limltlng e|<amples, and attadied drawings, in which: 
5 Figure 1 ishows the growth of a mixture of fungi for 65 h on xylose as the main 
carbon source in SH medium. 

Figure ajshows the growth of a mixture of fungi for 69,5 h on mannose as the main 
carbon source in SH medium. 

Figure 3 'shows the growth of a mixture of fungi for 66 h on galactose as the main 
10 carbon source in SH medium. 

Figure 4 shows the growth of a mixture of fungi for 50 h in starch. 

Figure 5 shows the growth of a mixture of fungi for 116 h in an experimental acid 
hydrolysite (pulp waste). 

Figure 6 ishows the accumulated ethanol production in wood hydrolysate with 
15 different Amounts of yeast and microorganisms. 1 = 0.05 g mixed fungi, 0.02 g S. 

cerevisia^] 2 = 0.025 g mixed fungi, 0.01 g S. cerevisiae] 3 = 0.2 g mixed fungi, O.OSg 
S. ce/ev/s/ae; 4 = 0.05 g mixed fungi, 0.04 g S. cerevisiae; 5 = 0.10 g mixed fungi, 
0.02 g S. \oerevislae. 

Figure 7 ishows the accumulated ethanol production In an experimental acid 
20 hydrolyssjte with 0^ g mixed fungi and 0.08 g S. cerevisiae (g fresh weight (FW)/I). 

Figure 8 |shows the ^hanol production in a wood hydrolysate <WH) using mixed 
ftingi 0.2 & (CP.), Chafara parvispora CBS strain 983.73 (983), and C. pan/lspora 
CBS strain 385.94 (385). 

* • » 

2p Detailed Idescription of the invention 

• '/ Process fjorthe production of ethanol 

/: . The present invention relates to a process for enhanced production of ethanol fi*om 
bfomass. It is based on the surprising discovery of a group of microorganisms 
capable df fermenting pentoses, and even capable of fennenting both pentose and 
30:- hexose cijsmpounds, as well as their utility in ethanol production. 
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More spicrfically. the present invention makes available a process for the jiWWKiMion <a 
of ethanol through fermentation of organic starting materials, wherein at least one 
fungus, dr a mix of fungi, capable of metabolizing pentose compounds is used. Said 
at least one fungus is optionally also capable of femienting hexose compounds. Said 
5 at least ohe fungus is preferably chosen among soft rot fungi, brown rot fungi, black 
rot fungi knd white rot fungi, more preferably chosen among Chalara sp„ 
Trichodetwa sp.. Thielavia sp., Postia sp., Gloeophyllum sp.. Phanerochaete sp., 
Tramete^ sp., Xylaria sp., or a combination thereof. 

One fundus identified - by the present inventors - to have utility in ethanol production 

10 is Chalar^ parvfspora, a species growing well on 6-carbon sugars as well as 6- 
carbon sjiigars. Also Xylaria sp. has been shown to produce ethanol. Other fungi, 
also verifjed to have the capability to produce ethanol, are soft rot fungi, here 
exemplified by Trichoderma viride and Thielavia terrestris; brown rot fungi, 
exemplified by Postia placenta and Gloeophyllum trabeum; and white rot fungi, 

15 exemplrfi^d by Phanerochaete chrysosporium and Trametes versicolor. 

The mosjtequently used microorganism In hexose femientation Is S. cerevisiae. S. 
ce/ewa/a^ is capable of producing ethanol from glucose and mannose if the 
concentryition of sugara is high or when the yeast is grown under anaerobic or semi- 
anaerobict conditions. Thus, according to one embodiment of the present invention 

20 the fungula, or mix of fungi, Is used in combination with at least one type of yeast. The 
yeast may belong to a species of Saocharomyces. preferably S. cerevisiae. Other 
species df yeast that can be used are, for example, species belonging to Candida 
sp., such as C. shehateae, species belonging to Pichia sp. such as P. bovis. and 
species l»slonglng to Clas\/i'$pora sp. 

25 The fung jis can also be used in combination with other ethanol producing 
microorganisms to optimize substrate utilization, both 5-carbon metabolizing 

' v" microorganisms and/or e-carbon metabolizing microorganisms. For example, there 
aie strains of fungi (e.g. Fusarium. Muoor, Monllla and Paecilomyces) that are able to 

' ".' produce ^hanol from D-xylose, but they are considered to produce less ethanol than 

'SO^ yeast. It iS contemplated that also genetically modified microorganisms can be used, 
: although bne aim of the present inventors was to identify useful, naturally occurring 
. microorganisms. In order to reduce the need for genetically modified microonganlsms. 
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It is also contemplated that ©nzymes are added to the process In order to facilitate 
the degradation of substrates and to enhance ethanol production. For example, mk t. ftient- och reg.verket 
cellulaseican be added to degrade cellulose and hemlceliulase to degrade ,p,j, • _qq_ q 4 

hemicellulose. There are numerous examples of additional enzymes that can be ^^^^ 
5 used to convert substrates to enhance ethanol production, for example aldose 
reductase and xylitol reductase. In order to facilitate the conversion of pentoses to 
hexoses.' 

It is furthir contemplated that other means of facilitating the degradation of 
substrat^ can be used in the process, examples including, but not limited to 
10 mechanical disruption, ultrasonlcation, or steam and high-pressure pre-treatments. 

In the pwicess according to the invention said at least one fungus and sard yeast are 
muitlplied separately before use in a blorsactor. The fungus can be added to the 
organic niaterial prior to the yeast or substantially simultaneously with the addition of 
the yeast: When the yeast is S. cerevislae, it is cultured for about 24 h before 
1 5 addition to the biomass. The fUngI mix is grown for about 24 - 48h, i.e. until reaching 
log phasd, before addition to the stert:ing material. About 0.05 to 0.2g cells (fresh 
weight) >A/as added per litre. 

In pnxesb of the invention the pH of the starting materials is adjusted to the range of 
about pH 5 - 6.5. preferably 5.5 - 6.2, and most preferably about pH 6. The pH may 

20 be adjusttd by the addition of appropriate amounts of an alkali or an acid according 
to well-knlown procedures. The fermentation is performed In a temperature Interval of 
about 24 to 36 ""Q, preferably about 26 to about 29 "C, more preferably at about 27 
'C. Other fermentation conditions, such as agitation, addition of co-substrates, 
nutrients, itlme and degree of anaerobiosis can be optimized acconJIng to the nature 

25 of the starting material and the fermenting mieroorganism(s) used, 

' :' : The process according to the invention can be performed as a batch fenrtentatlon, 
: wherein tfie microorganisms are killed or othenwse discarded after the fermentation. 

In anothef embodiment of the invention tiie fermentetion process is peri'ormed as a 
-:- oontinuoiJs or semi-continuous process, where starting materials and/or nutrients are 
36- added during fermentation. To retain the microorganisms In the bioreactor they can 
•: • -: be separated from the solids by any suitable means, for example sedimentation or 
centrrfugsjtion. 
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To obtain the ethanol after the fermentation, the biomass first needs to be seiiiy^at^^a^ '^^^^^^^^ 
from the fluids by means such as centrlfugation or sedimentation. Subsequently, the 
ethanol dan be separated from the biomass by any conventional method, such as 
distillatloft, membrane separation, enzyme process and gasification. 

5 According to the invention the starting material can be any organic material that can 
be fermehted for the production of ethanol. The ethanol can be produced from any 
HgnocellUlosic biomass, Relevant starting material Include wooden or non-wood plant 
material, e.g. stem, stalk, shrub, hulls, foliage, fibre, shell, root, straw, hay, grass, 
reed etc. Sources of wood can be any species of softwood or hardwood trees. 

10 Sources of straw include in particular cereals and cereal grasses, such as oat. wheat, 
barley, rye, maize and rice. Additional sources can be root-crops. 
Further elcample of starting materials Include waste or by-products from forestry, 
such as vl^ood chips, saw dust etc; as well as solid or liquid effluents or by-products 
from pulpl and paper industry, such as wood hydrolysates in different degrading 

15 states; paper waste, such as newspapers, magazines, photocopying and computer 
printer papers and paper based packaging. Preferred starting materials include spent 
liquor or */aste liquor from pulping, such as black liquor, black liquor from sulphate or 
soda pulfi cook, acidic waste liquor, acidic sulphite waste liquor, neutralized waste 
liquor etci including combinations thereof, such as mixed waste streams. 

20 Further ekample of starling materials include solid or liquid effluents or by-products 
flrom foodi and feed Industry, for example effluents or by-products containing 
cellulosej hemicellulose, sugar or starch; solid or liquid waste or by-products from 
agriculture; by-products from gardening such as garden refuse or other waste or by- 
product streams or their components comprising compounds that can be femnented. 

25 The startling material may be any of the above-mentioned materials in treated or 
. ' untreated from. A skilled person without inventive effort can implement possibly 

: necessari^ pretreatment steps. 
♦ ♦ * 

•": starter ciitture 



id: The pres<Hit invention also relates to a starter culture for use in the Inventive process. 
. The starter culture comprises at least one fungus, or mix of fungi, capable of 

metaboiizlns pentose compounds. Preferai^ly said at least one fungus is also capable 
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of metabbllzing hexose compounds. In one embodiment the fungus or fungi is/are 
chosen cjhosen among brown rot fungi, soft rot fungi, and white rot fungi or a 
combination thereof, for the manufacture of a starter culture for the use in the 
production of ethanol. 

6 Prefbrably said fungus is chosen among Chalam $p.. Trichoderma sp.. Thielavia sp., 
PosOa sp., Gheophyllum sp., Phanemchaete sp., Trametes sp., Xyiaria sp., or a 
eombinaiion thereof. I^ore preferably, said fungus Is chosen among Chalara 
paivlspora, Trichoderwa viride, Thielavia termstris, Postia placenta, Gheophyllum 
trabeum, Phanemchaete chrysospoiium. Trametes versicolor, or a combination 

10 tiiereof. 

The fungus or fungi can also be used in combination with other microorganisms, 
such as ffjngl. yeasts and bacteria. Preferably the fungus is used in combination with 
a yeast tjelonging to the species Sacoharomyces, such as S, cerevisiae. 

The startLr culture may be used in combination with other microorganisms, such as 

I 

1 5 other fun^i, yeaste and badteria. 



(^fowth niiedium 

The present Invention also relates to a growth medium for a fungus used in the 
inventlve'prooesa. The medium is based on the commercially available SH medium 
20 (Schenk knd Hildebrandt medium. See: Schenk. R. U. and A. C. Hildebrandt 1972, 
Medium ^nd Techniques fbr Induction and Gmwth of Monocotyledonous and 
Dicotyledlonous Plant Cell Cultures, Can. J. Bot. 60:199-204) adapted to the 
requirements of the fungi of the present Invention. The composition is given In Table 
1 (the coAcentralion given as approximate values): 
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Table 1. Growth medium 

Comporjent 

CaC(2-2f-20 

MgS04-7iHaO 

KaHPO* i 

NaHaPOi-aHaO 

D-xyiosej 

D-mannojse 



10 NH4CI 
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Pinal concentration (gram/litre) 

0.0125 
0.025 
1.0 
0.67 
25 
25 
25 
1 



The growth medium of Table 1 may further comprise starch at a final concentration of 



about 25 



g/l 



Useoffu nous orfunai 

The present Invention also relates to the use of at least one fungus, or mix of fungi 
chosen among brown rot fungi, soft rot fungi, black rot fljngi, and white rot fungi or a 
combination thereof, for the femrjentation of an oiganlc starting material In the 
productic^ of ethanoL 

Prefenablir said fungus is chosen among Chalara sp.. Trichoderma sp. , Thlelavia sp.. 
Postla SA, Gloeophyllum sp., PhaneroohaetB sp., Trametes sp„ Xylaria sp.. or a 
combination thereof. More preferably, said fungus is chosen among Chalara 
parvispora. Trichoderma viride, Thielavia tenastiis. Postia placenta, Gloeophyllum 
trabaum, Phaneroohaeta chrysosporium, Tramatas versicolor, or a combination 
thereof. 

The fungiiis or fungi can also be used in combination with other microorganisms, 
such as fiingr. yeasts and bacteria. Preferably the fungus is used in combination with 
a yeast belonging to the species Saccharomyces, such as S. cerevisiae. 
The startlhg material can be any of the above-mentioned starting materials. Said at 
least one fungus can also be used in combination with other microorganisms, such 
as fungi, yeasts and bacteria. Preferably the fungus is used in combination with a 
yeast belj>nglng to the species Saccharomyces. such as S. cerevisiae. 
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According to another embodiment, the invention rentes to tUfS lisec^f at least one 
fungus clbosen among brown rot fungi, soft rot fungi, and white rot fungi or a 
combination thereof, for the manufacture of a starter culture for the use in the 
productidn of ethanoL 

Preferabfy said fungus is chosen among Chalara sp.^ Trhhoderma sp,, TMefavia sp„ 
Postia sp,, Gloeophyllum sp., Phan^rochaete sp,, Trametes sp., Xylaria sp., or a 
combinalSon thereof. More preferably, said fungus is chosen among Chalara 
pan/ispo^, Trichoderma viride, Thielavia terresMs, Postia plaoenta, Gloeophyllum 
trabeum. 'Phaneroohaeto chrysosporium, Trametes versicolor, or a combination 
thereof 

The fungus or fungi can also be used in combination with other microorganisms, 
such as f jngr, yeasts and bacteria. Preferably the fungus Is used in combination with 
a yeast bfelonglng to the species Sacc/)a/omyces, such as S. oemvisiae. 

Advantacles of the invention 

The present inventors have shown that ethanol production from biomass can be 
increase^ by as much as 400% compared to fenmentation using only the well jcnowwi 
Sacharomyces cerevisiae (bakefs yeast). Thus, this invention is of high economic 
and environmental interest. 

One important advantage of the invention is that the ethanol production can be 
optimizecl with only minor changes in existing processes, meaning e.g. that there is 
no expenke for rebuilding existing bioreactors. Consequently, the cost for ethanol 
productioh can be significantly reduced in existing bioreactors. If the cost fbr ethanol 
productioh is reduced, the use of ethanol as a replacement for fossil fuels will be 
more attractive. 

Another advantage Is that the present Invention makes it possible to use tew cost 
feed, such as waste, previously considered difficult or even Impossible to utilize in the 
production of ethanol. 

It can also be held to be an advantage that the Improved femientation can be 
achieved Without resorting to genetic modification of the microorganisms. 
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Further Aspects of the invention, and the advantages associated therewith, will be 
evident to a skilled person upon study of the description, examples and claims. 

The present invention wlil now be described fn the following non-limiting examples. 



5 Examples 



Example 



1 > Growth of a mixture of fungi in growth medium supplementecj with 



different carbon sources 

In each Experiment fifteen 100 ml bottles were used. The cultures were Inoculated 
with O-OS: g FW fungi/I growth medium (see above) and grown at 27 '^C for 50 to 65 h 
1 0 (se below) and were randomly weighed (wet weight), three bottles at four or five 
different flmes (in addition to time zero). 

The grovyth of a mixture of fung? on different carbon sources was investigated by 
supplementing the medium with xylose 25 g/i, mannose 25 g/1, galactose 25 g/l and 
starch 25i g/l, respectively. The growth of a mixture of fungi in a newly designed 

15 hydrolysate was also investigated and the growth recorded as described above. The 
cultures Supplemented with xylose were weighed 17, 24, 41, 48, and 66 h after 
Inoculation. The cultures supplemented with mannose were weighed 14.5, 38.5, 
45.5, 62.5, and 69.5 h after inoculation. The cultures supplemented with galactose 
were welched 18, 24, 43, 48, and 66 h after inoculation. The cultures supplemented 

20 with starch were weighed 17, 24, 36 and 50 h after inoculation. The cultures grown in 
wood hyi^rolysate were weighed 19. 43, 67, 91, and 1 16 h after Inoculation. 

The results are summarized in the diagrams attached as Figures 1 through 5. The 
diagrams! In Figures 1 through 4 show that the mixture of fungi grows equally well on 
xylose> nrtannose, galactose and starch as the carbon source, respectively. It is thus 
: " 25 shown th&t the mixture of fungi is able to ferment both 5-^carbon and e-carbon 
: compounds, 

: *• - The mbciare of fungi was also able to grow In a wood hydrolysate. The mixture 
..:r exhibitedian even better growth In a hydrolysate (Figure 5) than that registered for 

any eingl^ carbon source. The nrtixture has been shown to comprise fungi belonging 
"30 to Chalai^ sp. and Xyl&ri& sp. 
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Exafnplei2. Ethanol production in wood hydrolysat^ usjna different amounts of 
mlcroorafeinisnis 

Ethanol ijiFoductton in wood hydrolysate was investigated using different amounts of 
yeast (S. c&r&srislae) and a mixture of fungi (see Table 2). 

Tlie yeait cerevisiae and the mixture of fungi were grown separately in YEP- and 
SH-mediUm for 24 and 48 h, respectively. YEP is a medium based on YPD, a 
complex imedium for routine growth, but is without dextrose and can be used as a 
base for making media with alternate carbon source. At the start of the ethanol 
productldn experiments, different amounts of the microorganisms (see Table 2) were 
introducdd into 100 ml flasks containing a wood hydrolysate (pH set to 6.0). The 
flasks weire argonised to obtain an anaerobic atmosphere and subsequently 
incubated at 27 for 1 13 h under agitation (150 rpm/h). 

Table 2, Amount of microorganisms used for production of ethanol in 
wood hvdrolvsate 

Sample }^mount of cer^visiae Amount of mixture of fungi 

b) (g) 



1 


D.02 


0.05 


2 


0.01 


0.025 


3 


p.08 


0.2 


4 


|3.04 


0.05 


5 


|3.05 


0.10 



The result can be seen in Figure 6. The highest amount of ethanol produced was 
recorded Tor sample 3, inoculated witti S. oerevlslae (0.08 g/l) and the mixture of 
fungi (0-2 g/l). It is evident from the results that a higher amount of the mixture results 
In the conversion of more 5-C compounds, making them available for the S- 
oerevisiae to utilize as a substrate for ethanol production. 

However, the yeast was not grown In pulp waste before start of the experfmenl. It is 
contempfeted that adaptation of the yeast would further Improve the results. 
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Example! 3, Ethanol production from llanoceUulose in an experimenfeil hvdrolvsate 

In this ejdperiment ethanol productfon in an experimental hydrolysate was 
investlgajted using S. c&tBsrisiae and a mbdure of fungL 

Three bo|ttles wHh 100 ml of an experimental hydrolysate (See Table 3), containing S. 
cerevlsf^ and a mixture of ftjngi, was argonised to anaerobiosis. Samples of 
accumulated ethanol production was taken after 19, 43, 66, 91 and 137 h and 
analysed^ by gas chromatography. 

Table 3, Components of the experimental hvdrolvsate 

Xylose ; 1lg/[ 

Mannose! 27 g/( 

Glucose 9,7 g/l 

Galactose 4.7 g/l 

Arablnosd 0.69 g/l 

Salts 0,0375 g/l 

Phosphate buffer 1 .67 g/I 

NH4Cf * 1 g/l 

Sterilfeiedl water up to 11 



The resujts are shown in Fig. 7. A clear Increase in ethanol production was observed, 

to the results shown in Fig. 6, i.e. about 17 g ethanol/l compared to 6.8 g 
ethanoi/l.jThe increase is believed to be at least partially due to the fact that less 
inhibftoryisubstancea are present In the medium, which contains only pure chemicals. 



Example 4. Ethanol production from lionocellulose in puio waste 

In this experiment ethanol production from lignocellulose in pulp waste was 
investigated. Ethanol production in pulp waste wHh S. cerevisiae was compared to 
ethanol production from pulp waste with both S. cer&visiae and a mixture of fungi. 
Ten bottles each containing 100 mi bf pulp waste (obtained from a pulp and paper 
mill) was bed. Before the start of the experiment the a mixture of fungi was grown In 
wood hycirolysate for 24 h. In order for the fungi to adapt to the pulp waste. Three 
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i/fef'ae only and 3 bottles were inoculated with 
fungi. The four remainfng bottles were used as 



bottles v\^re inoculated with cere 
both S, derB\/isiQ^ and a mijdure of 

controls ind contained YEP-mediurli and both the microorganisms. All bottles were 
put under anaerobic atmosphere by flushing with argon and thereafter kept shaking 
(15-20 rpm/min) at 27 ^C. The amount of produced ethanol was measured after 
164.B h Using gas chromatography 

The resu t& are shown In Table 4. Tne amount of ethanol produced by S. cerevislae 
alone in pulp waste was 5,84 g/l, whereas 23.43 g/l was produced by S. oerevfsiae 
and a mi)d:ure of fungi in combination in pulp waste. Thus, a nearly 4~fold increase in 
ethanol plroduction was achieved by the addition of a mixture of fungi. This 
experimdnt showed that ethanol production in lignocellulose waste from the pulp 
industry can be significantly increased by the use of an additional microorganism, 
here exemplified by a mixture of Hingi, believed to comprise C. parvispora. 

In additioh, the results show that thci a mixture of fungi can be 'iirained" to tolerate the 
pulp wasie since the ethanol production in this experiment was higher than In the 
designed! hydrolysate. The production can probably be further improved by the use of 
agents acjlsorbing the fest product of phenols and extractives. 



Table 4, ^mount of ethanol produced from lignocellulose In Dulp waste 



5. ce/BVi^faB -f- pulp waste 

cer&\n^iae + a mixture of fungi + 
medium ' 



S. cerevlsfae + a mixture of fungi + ^u\p 23,43 
waste 



^15. Example 6, Ethanol production from 



Different parvispora strains (CBS 
medium f6r 48 h. At the start of the 
microorganisms was introduced Into 



Amount ethanol produced 



5.84 
YEP 18.68 



C. oarvisDora 



strains 963.73 and 385.94} were grown in SH- 
^hanol production experiments, 0.2 g FW of the 
10 ml tubes containing wood hydrolysate (pH 
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6,0). Thd tubes were argonfeed to obtain anaerobic atmosphere and thereafter kept 
at a constant temperature of 27^C ^nd agitated (150 rpm/h). The experiment was run 
for 118 hi. 

The results as shown in Figure 8 cK^arly Indicate ttiat C. parvispora strains 983 and 
I 385 as vkW as a new proprietary isolate (CP.) (characterization not completed yet) 

have theJcapability of producing ethanol In a wood hydrolysate (WH). 

! 

Example'e. Ethanol production bv difFerent rot funai from HonoceHulos e in duIp waste 

Fermentation tests were conducted In 10 ml tubes in order to detect occurrence of 
ethanol production in seven different rot fungi. Before the start of the experiment, Ihe 
fungi werje grown In a xylose-medium for 7 - 14 days. At the start of the experiment, 



0.02 g of 



15 the septa 



each species of fungi was 



placed in the 10 ml tube and pulp waste added. 
The tubek were sealed with a rubber septum (Suba-Sea! ©) and argon was let In, in 
order to rpake the environment anaerobic. Following that, a needle was inserted into 
as an outlet in order to avbid the creation of over-pressure. The tubes were 
put in a shaker, and held at 27 °C for 24 to 48 h. The amount of ethanol produced 
was detehnined by gas chromatography as described above 

The resufte are shown in Tables 5A and B. Significant ethanol production (> 2 g/l at 
24 h) wa$ recorded for all fungi, except for the control, Penicillium chrysogenum. 

It was shj>wn that soft rot fungi Thie^avia terr&stri produced more ethanol than 
Trtohodekma vlride. White rot fungi P/^anemc^aete c/?yyso£po/ft/m exhibited the 
strongest! ethanol production capability at the experimental conditions, 7.96 g/l at 36 
hours. Cbmpared to Penicillium ohri'sogenum, the white rot fungi Phaneroofiaete 
chrysospprium produced produced i\ times more ethanol. Notably, Phanerochaete 
chrysosphrium produced slightiy rnqre ethanol than Sacharomyces cerevisae under 
the samel condftioris (7,82 g/l). 
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Table 5Ai 


i 




. Soft rot 


WKit© rot 


Control 






Penicillium 


Time ."fichoderma 


plabenta 


chryeogenum 


(h) ! (g/l) 


(g/l) 


(g/») 


24 : 2.46 <±0,28) 


2.3 (±0.06) 


1.13 (±1.60) 


48 2.15 (±0.71) 


1.8 (±0.45) 


1,56 (±0.11) 



Table 5B ' 



Soft rot 



Whfte rot 



White rot 



Brown rot 



Time Thielavia terrestris TrameteS versicolor PInanerochaete Oloeopiiyllum trabeum 



(h) 
36 



(g/l) 

6.94 



6.94 



ciirysospoilum (g/l) 
7.96 



(g/l) 
7.02 



The conditions were not optimised, 
tested W€lre capable of significant 

I 

Although [the invention has been 
1 0 which coriistitute the best mode 
understood that various changes 
having th^ ordinary skill in this art 
the invention which is set forth in thci 



I lowever the above tests show that the rot fungi 
etthanol production from pulp waste. 

described with regard to \ts preferred embodiments, 
itly known to the inventors, it should be 
modifications as would be obvious to one 
be made without departing from the scope of 
claims appended hereto^ 



presen 
and 



may i 
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Claims 



0. (J 



1 , Aiprocess for the production 
that a fungus or mix of fungi 
used. 



2* The process according to i 
metabolizing both pentose 



3, Ttpe process according to clelim 
brpwn rot fungi, black rot fun g 
ccmbination thereof. 



4, The process according to cla 
Cifsitera sp,, Trichoderma sp. 



lnk.t.P3i6nt-Gch refi-vartet 
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of ethanol through fermentation, characterized cn 
capable of metabolizing pentose compounds is 



cle im 1, wherein said fungus is capable of 
and hexose compounds. 



im 1 or 2, wherein said fungus is chosen among 
i, soft rot fungi, and whte rot fungi or a 



Pfjanerochaete sp,, Trametes sp,, Xyiarfa sp., or a comblnatfon thereof. 



claim 



5. THe process according to 

Cha/ara parvispom, Trichoddrma 
Glpeophyllum trabeum, Phatferochaete 
or a combination thereof. 



im 1 or 2, wherein said fungus is chosen among 
. TMelavia sp., Portia sp., Gloeophytlum sp.. 



1 or 2, wherein said fungus is chosen among 
wWde, melavia terrBStris, Post/a placenta, 
ohrysosporium, Tramete^ vensioolor. 



e. Trie process according to claim 1 or 2, wherein said at least one fungus is 
arfded prior to, or substantial y simultaneously with the addition of the yeast 



The process according to cla 
to the species Saocharomyce s 



7. Thp process according to da m 1 or 2, wherein said fUngus is used 
copiblnation vi^th at least one yeast. 

8. Thb process according to da 
Chalara sp. and Xylaria sp. 



in 



m 6, wherein said fungus Is chosen among 



m 1 or 2, wherein said yeast is a yeast belonging 
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10. The process according to cla|im 9, wherein saici'' yeast is Sac^^aramyces 
cerevisiae. 



1 1 ,TlHe process according to 
asi batcfi fermentation. 



-Oa- 0 A 



claim 1 or 2, wherein the fennentation is performed 



12.The process according to c)a 
as. a continuous or semi-contpnuous 
nutrients are added during 



im 1 or 2, wherein the fermentation is performed 
process, where starting materials and/or 
fermentation. 



13.Tliie process according to cla 
is Adjusted to tiie range of aqout 



m 1 or 2, wherein the pH of the starting material 
pH 4,5-7, 



14.Thb process according to dajm 13, wherein the pH Is adjusted to the range of 
■ Jt 6.5 -6.5 



process according to da 



IS.Thje process according to cla m 13, wherein the pH Is adjusted to about pH 6. 



m 1 or2, wherein the femientation Is performed 



in ^ temperature Interval of a )out 20 to about 40 ''C 

I 

r 

17. Tie process according to cte fm 16, wherein the temperature is in the Interval 
of ^bout 26 to about 36 ^C- 



18, The process according to 
anjong: 

' - wood or non*wood 

- waste or by-prod uct^ 
etc; 

• - solid or liquid efflueij^ts 
such as wood hydro 

- solid or Rquid effluents 
for example, effluen Is 
hemicellulose, suga 



cla m 1 or 2. wherein the starting material is chosen 
Jant materials; 

from forestry, such as wood chips, saw dust 

or by-products from pulp and paper industry, 
ysates 

or by-products from food and feed Industry, 
or by-products containing cellulose, 
or starch; 



solid or liquid was4 
other waste or by-p 
compounds that 
any of the above 



or by-products from agriculture; 
|oduct streams or their components comprising 

be fermented to produce ethanol; and 
nrjentioned materials In treated or untreated from. 



:can 



19. A [process for the production 
substantially of waste or by-] 
le^st one fungus chosen 
arid white rot fungi or a comlj^ination 



HuvLJci^a/.^'n Keshan 



of ethanof from a starting material consisting 
•f^roducts from forestry, characterized in that at 
ampng brown rot fungi, black rot fungi, soft rot fungi, 
thereof, Is used. 



20. The process according to cliaim 19, wherein said fungus is chosen 



Chalara sp., Trichoderma sp 



P/^anemchaefe sp., Trametes sp., Xylaria sp., or a combination thereof. 



21,T^ie process according to 

Chalara parvlspora, Trichoderma 
Gheophyllum trabeum, 
ora combination thereof 



claim 



Phat)Broohaate 



among 



, Thielavla sp., Postia sp,, Gloeophytlum sp.. 



20, wherein said fungus is chosen among 
\nride, Thielavla tomastris, Postia placenta, 
chrysosporium, Trametes versicolor 



22. Trie process according to any one of clafms 19 - 21 , wherein the starting 
material comprises spent liqi 



or (waste liquor) from pulping. 

23. A 4tarter culture for use in a jirocess according to any one of claims 1, 2. 19 - 
22i comprising at least on© ftmgus chosen among ChaiarB parvlspora, 

ferrssbis, PosUa plaoenta, Gtoeophy/lum 
tre&jeum. Phanerochaefe chr/sosporium, Trametes versicolor, or a 
combination tliereof. 



24. The starter culture according 



to claim 23, fbrther comprising a yeast 



25. A growth medium for a fungus used in the process accoreling to any one of 
cidims 1, 2, 15, 16, or 17. conprising CaCl2-2H20 at a final concentfatton of 
about 0.0125 g/l, MgSO4-7H20 at a final concentration of about 0.026 g/l, 
K2HPO4 at a final concentrati )n of about 1.0 g/l. NaH2PO*-2H20 at a final 
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cencentratlon of about 0.67 m, D-xylose at a final concentratron of about 25 
g/{, D-mannose at a final concentration of about 25 g/l, D-galacstose at a final 
cqncentration of about 25 g/| and NH4CI at a fmal concentration about 1 g/i, 

26.THe growth medium accordir g to claim 25, further comprising starch at a final 
concentration of about 25 g/I 
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Abstract 

Ethanol |Droduction from biomass can be rendered more effective by the use of a 

fermenting pentose compounds, or both pentose 
as hexose compounds. Preferably said fungus or fungi is/are used In 
comblnaiion with other fermenting microorganisms, such as Saccamm/ces 
cereWs/ale. 
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FIG. 3. 
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FIG. 6 
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FIG. 7 
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FIG. 8 



